Background: Advances made in prevention have helped postpone complete edentulism in older patients. However, in the elderly, the physiological state reduces patients' ability to adapt to oral rehabilitation and degrades the patient's oral condition. Consequently, elderly edentulous subjects avoid many types of foods, which can lead to substantial nutritional consequences. Complete dentures retained by implants are, currently, the treatment of reference in prosthodontic mandibular rehabilitation. Indeed, the mandibular symphysis generally tolerates implantation, even when the mandible is strongly resorbed. However, in the elderly, implant rehabilitation is compromised by the complexity of the surgical protocol and possible postoperative complications. In this context, the use of geriatric "slim implants" (GSI) offers an interesting alternative. Methods: In the present study, the surgical and prosthetic procedures for the use of GSI in a French dental hospital are presented. The objective was the stabilization of a complete mandibular denture in an elderly person, with the immediate implantation of four GSI. Results: The operating procedure was found to be less invasive, less expensive, simpler, and more efficient than the conventional procedure.
Introduction
Nowadays, the loss of the last remaining teeth is delayed, due to oral prevention; consequently, the prevalence of edentulousness increases with age. In Europe, the prevalence of edentulism of persons between 65 and 74 years old ranges from 12.8%, in Italy, to 69.6%, in Iceland. 1, 2 Thus, rehabilitation of edentulism occurs later in life, and the integration of complete dentures is increasingly difficult with age. 3 Indeed, aging reduces adaptive capacity and degrades clinical oral status. 4 In particular, bone resorption significantly reduces available bone volume. The buccal mucosa becomes thinner and weakens, creating an additional difficulty for prosthetic tolerance. 5 Under these conditions, the design of a conventional functional, removable complete denture becomes difficult or impossible. As a result, the edentulous elderly avoid many types of foods, particularly raw vegetables, because chewing is difficult with conventional complete dentures. [6] [7] [8] Dental status, among other factors, has an impact on the nutritional status of the elderly. 9, 10 It has been shown that subjects wearing conventional complete dentures have a lower nutritional intake than do subjects having more than 20 teeth. 11 Worldwide, the prevalence of malnutrition is reported to be high in the submit your manuscript | www.dovepress.com
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Huard et al elderly, varying between 2% and 10% for autonomous senior subjects. 12 Multiple factors other than the dental status may have an impact on nutrition, among which is muscular force, which decreases as a function of age, leading to extended mastication time 9, 13 − therefore, the capacity to form a bolus that allows swallowing (plastic, cohesive, and slippery) is jeopardized.
14 From a technical viewpoint, successful prosthetic integration depends on the stability and maintenance of the prosthesis. In the past, the only strategy for preventing problems involved the use of prosthetic adhesive or retention by attachments. 15 When using an attachment system, residual tooth roots can stabilize a denture and allow conservation of the alveolar bone structure. In the absence of roots, a complete denture retained by two implants is considered as the minimal treatment for the rehabilitation of an edentulous mandible. 16, 17 Indeed, the symphyseal region generally allows implant treatments even when the mandibles are strongly resorbed. The dental implant may be compared with an artificial dental root onto which a prosthetic device can be screwed, sealed, or retained (single crown, bridge, or denture). Thus, with additional retention, these implants could provide comfort and provide a function similar to those of toothed subjects. 18, 19 However, for very old or vulnerable patients, a complex surgical procedure and its consequences could compromise standard implant rehabilitation. In addition, given their socioeconomic status, the high cost of implant use can be an additional barrier. In this context, the stabilization of complete mandibular denture by "geriatric slim implants" (GSI) could be an interesting treatment option.
GSI, often named "mini-implants", are characterized by a diameter of less than 3 mm. These implants have proven useful for orthodontic or temporary treatment. [20] [21] [22] GSI can be inserted via flapless surgical techniques, with no pain and edema, even in the presence of atrophic mandibles. [23] [24] [25] [26] [27] Furthermore, the monolithic structure of GSI decreases the risk of contamination of the abutment−implant interface. 28 Dental implants can be loaded immediately or after a delay. The immediate loading of GSI is a well-documented surgical prosthetic procedure 29, 30 that instantly restores aesthetics, comfort, and chewing, with significant nutritional consequences. 31 Its success rate of over 95% is comparable to that of delayed loading. 32 Indeed, immediate loading enables the transmission of the masticatory forces on the bone, and this endosseous stimulation, when moderate, may favor osteogenesis. The formation of new osseous blood capillaries at the surgical site is stimulated, and the density of the peri-implant bone is then improved compared with that observed in delayed loading. The elimination of the delay between implant setting and prosthetic restoration avoids the wearing of a transitional prosthesis, thereby improving the patient's comfort and providing better chewing and therefore, better treatment acceptability. 31 Repeated studies have shown that these findings also apply to conventional implants used to retain overdentures. 33, 34 Successful immediate loading is facilitated by the use of a rigid suprastructure, which enables the bone integration of the implant by applying a force along the entire implant−prosthetic structure. 35, 36 However, none of the studies cited above address the use of GSI for the stabilization of a complete mandibular denture. For this type of rehabilitation, a simple procedure of immediate loading of four GSIs, using a flapless procedure, could be proposed. This is a case report of the use of a type of GSI (Obi Mini ball implant ø2.7; Euroteknika Group, Sallanches, France) in a procedure commonly used at the Dental Hospital of Clermont-Ferrand (France).
Proposal for elderly patients: clinical rehabilitation by GSI General conditions of use
This method of oral rehabilitation is recommended in presence of unstable complete mandibular denture. 16, 37, 38 Patients with incompatible oral or general diseases should not be scheduled for this surgical procedure. GSI are not indicated for patients with unstable systemic disorders or rheumatoid polyarthritis treated with corticoid therapy. Regarding patients with stable systemic disorders, the use of GSI treatment is accepted after a case-by-case decision, based on the patient's general health status.
Three steps preceding implantation can be described: (1) radiopaque plots are inserted in the prosthesis, to the left and right of the canines; (2) the prosthesis is placed in the mouth, and an X-ray is taken to measure the space between the radiopaque plot of the prosthesis and the interforamen space ( Figure 1) ; and (3) the interforamen space is marked accordingly with a mucosal pencil, indicating to the surgeons the situation of the foramens and delimiting the placement of the implants. In the described case, the implants used were 2.7 mm in diameter and from 9 to 15 mm in length. These implants were self-tapping, sandblasted, and etched. After drying the mucous membranes, the marks delimitating the emergence of the mental foramen were plotted on the crest, to delimit the area of parasymphyseal implant placement. 
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Geriatric slim implants for complete denture wearers parallel an arrangement to each other as possible (with a tolerance of 10°) and perpendicular to the occlusal plane (Figure 3 ). They were inserted using a ratchet and buried as deeply as possible. After surgery, the denture was recessed in the parasymphyseal area to avoid interference with the heads of the implants. Then, under occlusal pressure, the prosthesis was secured against the female parts of the O-ring prosthesis attachment using a self-polymerizable methacrylic resin (PaladurR, Heraeus Materials Technology GmbH & Co. KG, Hanau, Germany) (Figure 4) . Afterwards, the denture was secured by clipping onto the set implants ( Figure 5) . A panoramic, control radiograph was then taken (Figure 6 ).
Clinical aspects
The benefits of the GSI for the elderly and for frail persons are numerous, especially because of the specific characteristics of the surgical procedure. Indeed, the flapless technique reduces perioperative stress and surgery duration and therefore, postoperative complications, with no increased surgical risk. 39 Traditional protocols for implant surgery with flap require direct access to the bone during drilling, and this approach requires subperiosteal elevation of a full-thickness flap. 
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The flap separation deprives the bone of periosteal vascular contributions. Therefore, resorption has been observed during the healing phase, due to the compromised bone vascularization alone. In addition, removing the flap from the bone makes the latter more prone to microbial exposure, and infectious complications can be expected despite the use of aseptic procedures. Furthermore, the survival rate of flapless implants is identical to that observed in implants with flaps, and using flapless implants constitutes an advantage for the elderly. 40 The use of a single drill reinforces this benefit − indeed, heating of the bones related to drilling is a major factor in implant failure. For appropriate bone remodeling, the critical temperature of 47°C for 1 minute must not be exceeded. 41 The use of a single, small-diameter drill limits the drilling duration and thus, reduces the risk of overheating. Due to these features, GSI can be used in almost any clinical situation, even in the presence of a narrow ridge, where they can be implemented without prior adjustment of the ridge.
This prosthetic procedure is particularly suited for the elderly. Indeed, the stabilization of a denture by GSI can be compared with an immediate loading, which is very beneficial for the patient. Both function and comfort are improved from the first day onward. The success rate of this technique is probably closely linked to the implant−prosthesis connection mode and to the spatial distribution of the implants. An O-ring system ensures connection, comprising a male part (a metallic ball) and a female part (the O-ring inserted into a metallic ring). The rubber O-ring absorbs micromovements. The attachment of the prosthesis is performed under occlusal pressure to ensure that the denture impression surface is in full contact with the ridge. Consequently, during chewing, the elasticity of the O-ring will ensure that a significant fraction of the masticatory forces exerted will be directed to the mucosa and not to the implants − some implant complications are related to occlusal overload. Therefore, unloading the intraprosthetic cup can disperse the forces on the mucosa and ensure implant health. Thus the O-ring system is particularly suitable for immediate loading because of its shock absorption capacity. The distribution, number, and position of the implants are also contributing factors for osseointegration. Indeed, a minimum of three implants is necessary to optimize biomechanical behavior. Raising the number of implants to four increases the bone−implant surface interface. Thus the forces transferred to the bone for the same surface area are decreased, and osseointegration is encouraged. In addition, the four implants form a trapezoid, with the angles varying according to the mandibular anatomy of the patient. In comparison with a two-implant configuration, better prosthesis stability is achieved, due to the decrease in axis rotation. During implantation, it is better to position the side implants at the most posterior site possible (within the limit of the mental foramen) to increase the distance between the implants and decrease distal extension. The lever arm of the extension is decreased, and consequently, the nonvertical forces on the implants are reduced, leading to better denture balance.
Regarding the financial aspect, GSI are less expensive than conventional implants, regardless of the manufacturer, and may be offered for a reasonable cost. This is particularly important when we address the elderly, whose income is often modest.
GSI rehabilitation should improve masticatory function. Thus, significant nutritional consequences are expected. Indeed, it has been shown that the chewing parameters of mastication were improved in patients whose prosthesis was stabilized with implants; when measured, the kinematic parameters and particle sizes were similar to those reported in normally toothed patients. 42 The elderly may vary and thus increase the range of foods habitually consumed. Additional studies are required to confirm this benefit, as several studies did not report a link between malnutrition and chewing function. 43, 44 In many cases, the use of GSI is advantageous; however, a number of shortcomings can be listed. Although the implant insertion appears easy, the use of a single drill implies that all implant axes must be correct from the outset, without any error in the estimation of parallelism. Indeed, no second drill with larger diameter can be used to correct any axis error. The flapless procedure requires a practitioner with solid experience in conventional implant setting. 45 In addition, to maintain sustainability of the implant, a width of 2 mm of keratinized gingiva is necessary. 46 In geriatrics, this could particularly restrict the use of the flapless mini-implant. Since the GSI is a one-piece implant (with the abutment integrated in the implant), the male section of the attachment cannot be changed in the case of wear. Retention could then be improved by increasing the hardness of the O-ring rubber, but only to a certain extent. Therefore, this technique should not be recommended in patients less than 70 years old. The practitioner performing the denture installation must rely on clinical experience in the use of this technique. Therefore it may be necessary to use another implant−prosthesis connection mode that is easier to manage in terms of retention force and monitoring, such as the Locator ® Root Attachment System (Zest Anchors, Escondido,CA, USA). Furthermore, as with any other type of implant, independent acute complications could appear, in particular, cases of primary implant loss or severe inflammatory reaction. Some chronic disorders, such as peri-implantitis, can be observed but rarely due to the characteristic of the "one-part" implant, which decrease this specific risk. A synthesis of the advantages and disadvantages of the GSI procedure is proposed in Table 1 .
Conclusion
In conclusion, GSI constitute an additional therapeutic treatment against edentulousness. The protocol presented here allows the oral rehabilitation of vulnerable subjects, whose general health excludes overly invasive surgery. In addition, the cost of conventional implant treatment is often out of reach for elderly patients who have been edentulous for long periods. Thus, although the McGill consensus 16, 38 on the "two implants" setting remains the reference in terms of mandibular complete rehabilitation, the protocol developed with four GSIs could be an interesting alternative for the care of very old and completely edentulous patients. However, the reliability of this procedure needs to be validated in a follow-up study. In parallel, assessment of the impact of such rehabilitation on masticatory and dietary behaviors and of its nutritional consequences would be of great interest
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